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The isotype-specific antibody responses to purified hemagglutinin of adults
undergoing either primary or secondary infection with an influenza A virus were
characterized by using an enzyme-linked immunosorbent assay. Twenty-eight
military recruits undergoing primary infection with A/USSR/92n7 (HlN1)-like
virus had serum antibody rises in the immunoglobulin M (IgM) (86%), IgG (100%),
and IgA (96%) isotypes. In contrast, 19 adult volunteers undergoing secondary
infection with A/Peking/2I79 (H3N2) wild-type virus had serum antibody titer rises
largely restricted to the IgG (68%) and IgA (74%) classes, with only 1 volunteer
having a serum IgM antibody titer rise. Nasal wash hemagglutinin-specific
antibody responses in the adults undergoing secondary infection were predomi-
nantly in the IgA class (74%). There was a correlation between the presence of
and the magnitude of nasal wash and serum hemagglutinin-specific IgA antibody
responses in these adults. This suggested that there was a common source for the
hemagglutinin-specific local IgA antibody and serum IgA antibody produced after
infection. The recruits undergoing primary HlNl influenza virus infection had Hi
hemagglutinin-specific enzyme-linked immunosorbent assay antibody in each of
the IgA, IgG, and IgM isotypes in their acute-phase serum. However, no role for
this cross-reactive antibody in modifying the severity of illness experienced by the
recruits could be demonstrated.

The enzyme-linked immunosorbent assay
(ELISA) has been used to measure serum and
local immunoglobulin A (IgA), IgG, and IgM
antibody with hemagglutinin (HA) purified from
influenza virus as antigen (20, 21). The antibody
response in children undergoing primary infec-
tion with an influenza A cold-adapted vaccine
virus (19) has been analyzed, and most children
developed a serum IgG, IgM, and IgA antibody
response. Nasal wash antibodies in the IgA,
IgM, and IgG isotypes were also detected. Little
information exists on the IgA, IgG, and IgM
responses of adults infected with influenza A
viruses.

In the present study the IgG, IgA, and IgM
antibody response of two groups of adults un-
dergoing either "primary" or "secondary" in-
fection with an influenza A wild-type virus was
characterized. The first group consisted of 28
seronegative military recruits (mean age 21.5
years) who were naturally infected in early 1978

with an A/USSR/92/77 (HlNl)-like virus during
the first season an HlNl virus had circulated
since 1957. The young age of the recruits and
their seronegative status indicate that this was
their first (i.e., primary) infgction with an influ-
enza virus belonging to the' HlN subtype. The
second group of adults was composed of 19
volunteers undergoing secondary infection with
an influenza A virus belonging to the H3N2
subtype. These volunteers, who were experi-
mentally infected with A/Peking/2/79 (H3N2)
wild-type virus, had low titers (sl1:8) of serum
hemagglutination-inhibiting (HAI) antibody to
this current H3N2 virus, but had immunological
evidence of prior infection with earlier H3N2
viruses. The serum and local antibody responses
of these volunteers were measured and com-
pared with the serum responses of the recruits
undergoing primary infection and to serum and
local responses of children as previously report-
ed (19).
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MATERIALS AND METHODS

Clinical specimens. (i) Primary infection. Serum sam-
ples were obtained from 28 military recruits who were
naturally infected with an A/USSR/92n7-like HlNl
virus during January and February of 1978. The acute
phase sera were taken within 3 days after the onset of
influenza-like illness, and the convalescent-phase sera
were taken 3 weeks later. Oral temperatures were
taken at the time the recruits sought medical attention
for a respiratory tract infection, and pharyngeal wash-
es were obtained at this time for virus isolation. The
presence of infection in each recruit was determined
by virus isolation in primary rhesus monkey kidney
cells and by detection of a fourfold or greater rise in
complement-fixing or HAl antibody in the paired sera.
The age of the recruits ranged from 18 to 26 years old
(mean age, 21.5 years; 88% <22 years old). Each
recruit had an HAI antibody titer of sl1:8 to the
A/USSR192n7 (H1N1) virus in his acute-phase serum
sample. The age, serological status, and susceptibility
to infection, and illness of these 28 recruits suggested
that they were undergoing primary infection with
influenza A virus of the HlNl subtype. Nasal wash
specimens were not available from these recruits.
Seven additional recruits similarly infected with
A/USSR/92/77-like (H1N1) influenza A virus were
identified who had antibody titers of >1:8 to A/New
Jersey/1/76 (HlNl) antigen in their acute-phase sera
presumably acquired by vaccination during the Na-
tional Influenza Immunization Program in 1976 and
1977 or by natural infection with swine influenza virus.
Data from these recruits were analyzed separately.

(i) Secondary infection. Nineteen adult volunteers
who were recruited with informed consent from the
community of Baltimore, Md., were experimentally
infected with a cloned suspension of A/Peking/2179
(H3N2) wild-type virus. This virus, which was kindly
provided by Alan Kendal (Centers for Disease Con-
trol, Atlanta, Ga.), was passaged three times in the
allantoic cavity of eggs and six times in calf kidney
cells, including a plaque-to-plaque passage, before
being grown in the allantoic cavity of specific-patho-
gen-free eggs (Spafas Inc., Norwich, Conn.) by Louis
Potash (Flow Laboratories, McLean, Va.). The details
of the virological and clinical aspects of this study will
be the topic of a separate report. Briefly, the virus was
administered intranasally to 23 volunteers with pre-
inoculation HAI antibody titers of <1:8 against
A/Peking/2/79 (H3N2) at doses of 104.0, 105.0, or 1060
50%o tissue culture infective doses. Serum samples and
nasal wash specimens were obtained before infection
and at weekly intervals for 4 weeks after infection.
Nasal wash specimens were collected and concentrat-
ed as previously described (27). Data obtained from 19
volunteers who were infected as determined by virus
shedding or the development of an immunological
response (or both) are included in this report. Of the 19
volunteers, 3 developed a minor illness, 18 shed virus,
and 17 developed an immunological response. Eigh-
teen of the volunteers had a pre-inoculation HAI
serum antibody titer of .1:8 to the A/Aichi/2/68
(H3N2) prototype virus (geometric mean titer, 1:37),
and the 19th volunteer had pre-inoculation nasal wash
antibody to H3 HA. The presence of preexisting
antibody to the prototype H3N2 virus indicates that
these volunteers were undergoing at least a second

infection with an influenza A virus belonging to the
H3N2 subtype.
HAI assays. The antigens used in the standard

microtiter HAI assays (8) were (i) A/USSR/92/77
(H1N1) split virus vaccine (Parke-Davis & Co., Hunt
Valley, Md.), (ii) A/New Jersey/i/76 (HiN1) split virus
vaccine (Parke-Davis), (iii) reassortant whole virus
possessing the A/Aichi/2/68 (H3N2) HA and the
A/Equine/l/Prague/56 neuraminidase, and (iv) A/Pe-
king/279 (H3N2) virus grown in chicken embryo allan-
toic fluid.
ELISA. HA was purified from the A/USSR/90/77

(HiN1) wild-type virus and the X73 reassortant virus
of A/Bangkok/l/79 (H3N2) as previously described
(25). The HA of this virus is closely related to the HA
of the concurrently isolated A/Peking/2/79 (H3N2)
virus (personal communication, Alan Kendal). The
HA preparations were more than 95% free of other
proteins as determined by polyacrylamide gel electro-
phoresis. The ELISA was performed as described
previously (20) with a ladder of reagents, from the
solid phase (polystyrene plate, Immulon I; Dynatech
Laboratories, Alexandria, Va.) up, consisting of the
following: (i) purified HA; (ii) human serum or nasal
wash concentrate; (iii) rabbit anti-human IgA, IgG, or
IgM; (iv) goat anti-rabbit IgG serum conjugated to
alkaline phosphatase; and (v) substrate. The chromo-
gen produced was measured by absorbance at 405 nm.
The endpoint was taken as the highest dilution of
antibody producing an absorbance of .0.1 if the
reading in the antigen-containing well was at least
twice that in the antigen-free well.

RESULTS
Antibody responses during primary and sec-

ondary infection. After primary infection with
HlNl influenza virus, each of the 28 recruits
had a rise in HA-specific serum IgG antibody
(Table 1); 27 recruits had a significant rise in
serum IgA antibody, and 24 had a rise in serum
IgM antibody. Thus, most adults undergoing
primary infection with an HlNl influenza A
virus had HA-specific antibody responses in
each of the IgA, IgG, and IgM isotypes. This
response is similar to that expected for a primary
response and is comparable to that previously
reported in children undergoing primary infec-
tion (19). These latter findings are included in
Table 1 for comparison.

In contrast, adult volunteers undergoing a
secondary H3N2 infection had fewer antibody
responses in the IgA (14 of 19) and IgG (13 of 19)
isotypes, whereas only one individual had a rise
in the IgM antibody isotype. By Chi-square
analysis with the Yates correction the difference
in frequency of IgM responses in adults with
primary infection (24 of 28) compared with the
frequency of IgM responses in adults with sec-
ondary infection (1 of 19) is highly significant (X2
= 26, P > 0.001). As expected there was a
significant increase in the geometric mean titer
of each class of serum antibody in the recruits
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TABLE 1. Frequency of influenza A virus HA-specific antibody response in the IgA, IgG, and IgM classes
as measured by ELISA

Number of fourfold or greater rises/number infected (%)

Specimen Antibody Primary infec- inectondrisotype Sec-ndadut Primary infec-
tion' in adults infadutso tionc in children

Serum IgA 27/28 (%) 14/19 (74) 13/17 (76)
IgG 28/28 (100) 13/19 (68) 17/17 (100)
IgM 24/28 (86) 1/19 (5) 16/17 (94)

Nasal wash IgA NDd 14/19 (74) 14/17 (82)
IgG ND 3/19 (16) 9/17 (53)
IgM ND 0/19 (0) 13/17 (76)

a Military recruits with <1:8 HAI antibody to HiN1 influenza virus who were naturally infected with A/USSR/
92/77 (HIN1)-like virus during the first A/USSR/92/77 outbreak (1977 and 1978).

b Adults with preexisting antibody to H3N2 virus who were experimentally infected with A/Peking/2/79
(H3N2) wild-type virus.

c Children lacking preexisting HAI antibody or HA-specific antibody, as measured by ELISA, who were
experimentally infected with an HlNl or H3N2 cold-adapted vaccine virus (19).d ND, Not done.

undergoing primary infection, whereas in the
volunteers undergoing secondary infection the
geometric mean titers rose only in the IgA and
IgG classes (Table 2). Although the assay was
not standardized to allow direct comparisons of
antibody quantity, comparisons of the magni-
tude of change in titer among the antibody
isotypes within each of the groups can be made.
During either primary or secondary infection in
adults the log fold rises in HA-specific IgA and
IgG antibodies were comparable.
The nasal wash antibody response after sec-

ondary infection in adults was found to be
predominantly IgA (Table 1). This is in contrast
to primary infection in children, in whom a
majority also had IgM and IgG responses (19).

Correlation between serum and nasal wash IgA
antibody response. We noted that after primary
infection children with a local IgA antibody
response also had a serum IgA antibody re-
sponse (19). We sought to determine whether
this correlation would also be seen after second-
ary infection in adults. In all but one instance (a
child with primary infection), persons with a

local IgA response also had a serum IgA re-
sponse. Among 19 adults with secondary infec-
tion, 5 had no IgA antibody response and 14 had
both serum and local IgA antibody responses.
Among 17 children with primary infection, 1
child had a local IgA response only, 3 had no
response, and 13 had both local and serum
response. The rise in local antibody was signifi-
cantly correlated with a rise in serum antibody
(P < 0.01, Fisher exact test). A similar correla-
tion was not observed for IgG, for which a large
number of serum responses were observed in
the absence of a local response.
These findings, which demonstrated that there

was a correlation between the presence of a
local and serum IgA antibody response, suggest-
ed that there might be a correlation between the
magnitude of the responses as well. There was a
significant correlation between the peak titer of
IgA in the serum and nasal wash specimens (rho
= 0.53; P c 0.05) (Fig. 1).
Absence of a correlation between the level of

preexisting HA-specific ELISA antibody and the
level of the febrile response to primary infection in

TABLE 2. Magnitude of influenza A virus HA-specific serum antibody response in the IgG, IgM, and IgA
classes as measured by ELISA

Reciprocal of mean log2 (±SEM) ELISA antibody titer in the

(n adults) Serum indicated immunoglobulin isotype'
IgA IgG IgM

Primary (28) Acute 8.1 ± 0.29 9.1 ± 0.31 9.1 ± 0.28
3 wk 12.0 ± 0.25 13.1 ± 0.30 12.4 ± 0.29

Secondary (19) Preinfection 7.0 ± 0.34 10.1 ± 0.38 8.4 ± 0.31
3 wk 9.6 ± 0.58 12.2 ± 0.44 8.5 ± 0.27

a Values were statistically significantly different (P < 0.001, Student's t test), except for results with IgM in the
secondary infection.
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to A/USSR/92/77 HA. Such a relationship was
not detected in the IgG, IgA, or IgM antibody
isotypes for the 28 A/New Jersey/1M6 HAI
antibody-negative recruits (Fig. 2) (only IgG
data presented).

DISCUSSION
-8 o The 28 recruits who had primary infection

with an influenza virus of the HlNl subtype
9 9 V , developed antibody responses in each of the
1W e640 2560 10240 40960 IgM, IgG, and IgA isotypes. This is typical of

the immunological response after primary expo-
ANTIBODY TITER (RECIPROCA sure to a new antigen (15) and resembles that

akELISANtiBODY ofTITerum(RECIPROCAL described after infection with other viruses (5, 7,
ak ELISA titer of serum HA-specific 13, 16, 17, 22-24, 33). In contrast, 18 of the 19
acthieved 2tito4weeksafter infecsti HAi- adult volunteers who had a secondary infection
ntibody. Solid circles represent the sec- with an H3N2 influenza A virus had antibody
:ted adults with 4-fold rises in IgA responses expected for persons reexposed to the
s. For these 14 responders, serum and same antigen, since they failed to develop a
ak titers are significantly correlated (rho significant IgM antibody response. Again, this is
.05). Peak values for the five volunteers consistent with the pattern expected for reinfec-
have IgA titer rises are represented by tion with homologous viruses in which IgM

responses are often absent or contribute a rela-
tively small proportion of total antibody (3, 13,
14, 17, 28, 34). The lack of detectable IgM
response during secondary infection in our sub-

the HA-specific ELISA, antibody jects was unlikely to be caused by technical
1 HA was previously detected in problems such as the presence of specific high-
hi no known exposure to a virus titer competing IgG antibody that could block all
sIN1 HA (20). In the present study of the sites on the bound HA. This was felt to be
substantial titer of IgA, IgG, and the case since the recruits undergoing primary
cific antibody in the acute serum of infection developed high titers of IgG antibody

every recruit undergoing primary inrection wnth
an HlNl virus. In each of the isotypes the titer
of the preexisting HA-specific antibody ranged
from 1:100 to 1:6,400. In contrast, young sero-
negative children did not have this preexisting
antibody (19). It is possible that this antibody
could play a role in modifying the illness experi-
enced by infected persons. To evaluate this
possibility the magnitude of the febrile response
at the time the recruit sought medical attention
(all recruits were shedding virus at this time) was
compared with the level of Hi HA-specific IgG
antibody (and separately IgA and IgM) in his
acute serum. To assess whether this method of
analysis could reveal a protective effect of pre-
existing antibody, the same correlation was
made for the seven recruits who had HAI anti-
body to A/New Jersey/l/76 (HlNl) antigen in
their acute-phase serum. This correlation was
attempted because antibody to the A/New Jer-
sey/1/76 (HlNl) virus derived by vaccination or
infection might be expected to be partially pro-
tective against illness caused by the related A/
USSR/92/77 (HlNl) virus. Among the seven
recruits with HAI antibody to the A/New Jersey/
76 virus, temperatures at the time of virus cul-
ture were inversely correlated with the recipro-
cal of their preexisting ELISA IgG antibody titer
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FIG. 2. Oral temperature at the time of acute
AIUSSR/92M77 (HlN1)-like influenza virus infection is
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antibody specific for HA of the A/USSR/92/77 (HlNl)
virus. Values for the 7 recruits with -1:16 HAI
antibody to A/New Jersey/1/76 (HlNl) antigen and
values for the 28 recruits with <1:8 HAI antibody are
shown separately. No correlation between tempera-
ture and antibody titer was found for the 28 seronega-
tive recruits (rho = -0.01; P > 0.20); for the 7
seropositive recruits there is a significant (inverse)
correlation (rho = -0.96; P < 0.01).
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to HA, and the increase in IgM antibody was
readily detected in the same serum pairs. Fur-
thermore, previous work in this system had
shown that the removal of IgG from the serum
by adsorption to Staphlococcus sp. A protein-
Sepharose did not affect the HA-specific IgM
titer (20).
The secondarily infected adults described in

this report did not have a classic secondary
infection in which there was reinfection with
homologous virus, but were infected with a
heterologous H3N2 virus that had undergone
antigenic drift. Presumably this strain differed
from the earlier infecting H3N2 strain(s) in one
or more of the four major HA epitopes defined
by monoclonal antibodies and by sequence anal-
ysis of naturally occurring drift strains (30, 32).
It was uncertain whether the magnitude of
change that occurs during antigenic drift in an
influenza A virus was sufficient to give rise to an
IgM antibody response directed against the new
epitopes on the HA of the drift strain. In the
present report we found that, although adults
can recognize HlNl HA as new (i.e., a primary
response is generated), the changes in the HA
molecule of the A/Peking/2n9 H3N2 virus were
not of a sufficient magnitude to elicit a detect-
able IgM response. Previous data describing
IgM antibody responses after influenza virus
infection conflict since some authors describe an
IgM response after secondary infection, where-
as others do not (1, 6, 29, 31). The reasons for
these differences remain undefined.
The presence of specific local antibody in the

upper respiratory tract (secretory IgA) is
thought to be a major determinant of resistance
to infection with influenza and other respiratory
viruses (4, 9-12, 18, 26). However, measure-
ment of local antibody is time consuming and
difficult. It has been documented previously that
those persons undergoing primary infection with
an influenza A virus who developed a local IgA
antibody response also developed a systemic
IgA antibody response (19). These observations
have been extended by the current study in
which the same correlation is observed in per-
sons undergoing secondary infection. Further-
more, the magnitude of the local response corre-
lates with that of the systemic response.
Considered together these results would suggest
that local and serum IgA HA-specific antibody
have the same source, i.e., both are derived
from mucosal plasma cells producing IgA anti-
body. The presence of HA-specific IgA antibody
in the serum could result from locally produced
antibody that escapes secretion through epitheli-
al cells and gains access to the systemic circula-
tion via the lymphatic or venous drainage of the
mucosa. This suggests that, after acute infec-
tion, a serum IgA response could be used as an

indication of the presence of a local IgA re-
sponse.
The presence of cross-reactive antibody in

persons who are unlikely to have had prior
exposure to a virus subtype has been noted
previously (20). We have confirmed that anti-
body measurable by ELISA in each of the
isotypes is present in the acute serum of each of
our recruits even though they have no prior
exposure to HlNl viruses. This antibody may
be reactive with conserved portions of the HA
molecule present on both the A/USSR/92/77 HA
and on the HA of other subtypes to which the
persons have had previous exposure. Alterna-
tively, it may be a cross-reactive antibody in-
duced by noninfluenza antigens. It is clear that
this antibody is absent in the sera of children
who have had experience with only one of the
HIN1 or H3N2 viruses (19). The data from the
present study suggest that this antibody does not
confer resistance to illness since there is no
correlation between the level of illness observed
and the quantity of cross-reactive antibody pres-
ent. We want to emphasize that this observation
is preliminary and is based on a single tempera-
ture recorded at the time of acute illness. How-
ever, similar data from an experimental chal-
lenge also failed to indicate any effect of this
cross-reactive antibody on the course of infec-
tion (2, 20). The origin and possible biological
significance of this antibody are under further
investigation.
The findings from the present study also have

negative implications for the use of an anti-
influenza IgM assay to rapidly diagnose the
presence of acute influenza A virus infections.
First, an assay that relies on detection of IgM
antibody reactive with the HA molecule will be
positive in all adults due to the presence of
cross-reactive antibody. Second, persons under-
going secondary infection within a subtype often
fail to develop a specific IgM antibody response.
These limitations suggest that methods to detect
viral antigens or nucleic acids rather than acute-
phase IgM antibody titer will be needed to
rapidly document acute influenza A infection in
humans.
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